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(54) Title: COLOR CHANGING DEVICE FOR TIME INDICATING LABEL AND METHODS OF MAKING AND USING THE 
SAME 

(57) Abstract: The present invention relates to a time indicating label comprising (a) a label substrate having a first and second 
surface, (b) an acid-based indicator composition, and (c) an activator composition, wherein one of (b) or (c) are on the first surface 
of the substrate and wherein (b) and (c) when brought in contact remain adhered. The label may have a pressure sensitive adhesive 
on the second surface of the label. The invention further relates to a method of using the time-temperature indicating label The 
labels provide an effective means for determine the safety of frozen foods. The labels also provide a means of providing security by 
providing name badges that are time sensitive and may not be reused. The name badges provide a means to monitor the length of a 
visitor's time and prevents reusing the name badge. 
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COLOR CHANGING DEVICE FOR TIME INDICATING LABEL AND 
METHODS OF MAKING AND USING THE SAME 

Cross Reference to Related App lication 

This application claims priority from provisional application 60/362,471 
filed March 7, 2002. The provisional application is hereby incorporated by 
reference in its entirety. 

Field of the Invention 

This invention relates to time and/or time-temperature indicating labels. 
More particularly, the time indicating labels include an activator and an acid-base 
indicator which change color based on time. The invention also relates to the 
preparation of time and/or time-temperature indicating labels and other devices 
using such indicating labels. 

Background of the Invention 

Time and/or time-temperature indicating labels may be used in food 
manufacturing industries to identify food freshness. Time indicating labels may 
also be used where the label indicates a period of time has expired, such in 
visitor badge label. 

It has long been known to manufacturers and distributors that the shelf life 
of perishable goods such as foodstuffs is a function of both the time and the 
temperature at which such goods are stored. 

There is a need to monitor and indicate time-temperature exposure of 
food, so that both merchants and consumers can be assured the food has been 
stored and refrigerated properly prior to sale and/or use. It is well known that 
food degrades faster at higher temperatures than at lower temperatures, and that 
the time of exposure to such higher temperatures strongly relates to the degree 
of degradation resulting from such exposure. 

Many manufacturers place expiration dates on food packaging in an 
attempt to provide an indication of the useful life of the foodstuff. However, these 
dates are based on an assumption that the foodstuff is stored under proper 
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conditions, or at least within an estimated range of conditions. In addition, many 
manufacturers place "sell-by" dates, rather than expiration dates, on food 
packaging. Sell-by dates provide even less indication of the useful life of a 
foodstuff, since consumers may assume that the foodstuff remains useable for 

5 some time period following the sell-by date. 

Both expiration and sell-by date indications break down if the foodstuff is 
exposed to temperatures higher than expected during the time period prior to the 
printed expiration or sell-by date. In such case, the food item may have been 
exposed to spoiling temperatures prior to the marked date, but the retailer or 

10 consumer would be misled into thinking the foodstuff was still acceptable. Thus, 
the need for a time-temperature indicating label has been long standing and 
continues. 

To be useful, a time-temperature indicating label should provide its 
indication of expiration at approximately the same time as the food is expected to 

15 no longer be acceptable. Different foodstuffs have different tolerances for 

exposure to higher than normal temperatures. Thus, it is necessary to adjust the 
rate at which the time-temperature indicating label changes color or otherwise 
indicates that an unacceptable time or temperature has been reached. It is 
desirable to be able to make such adjustments while changing a minimum of the 

20 manufacturing parameters and while maintaining a consistent product, in 
appearance, usability and function. 

A number of devices have been proposed for use as a time-temperature 
indicating label. However, many of these devices suffer from defects such as 
being unduly complicated or expensive to manufacture, or the device itself being 

25 subject to degradation over time and temperature exposure. 

The present invention is intended to provide a solution to the long- 
standing problems of providing an indication of the exposure of foodstuffs to 
unacceptable time and/or temperature conditions. 

Name badges have been constructed in many different ways for various 

30 purposes. One common concern is that a name badge could be re-used at a 
later date by an un-authorized user, granting them access to a site or specific 
locations within a site when it is not appropriate, creating a breech in security. 
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One method of addressing this concern is through time indicating name badges, 
whereby some or all of the badge changes color within a set time period after 
activation in order to indicate that the badge has expired. Typically this color 
change occurs within 24 hours after it has been activated. Activation typically 

5 consists of creating an adhesive bond between two specially designed surfaces, 
allowing for either a gradual migration of (or a chemical reaction between) one or 
more elements within one or both of the surfaces to create the color change over 
time. All known prior art time sensitive name badges are provided with generic 
Preformatted text (for example, the word 'Visitor" printed across the top of the 

10 badge), and are designed to be hand-written. The current prior art cannot be run 
through any commonly available printers (for example laser or inkjet printers) in 
order to produce a more professional and customized appearance. The present 
invention is designed to provide time indicating badges that can be printed by the 
user in a commonly available (e.g., laser or inkjet) printer. 

15 Summary of the Invention 

In one embodiment, the present invention relates to a time indicating label 
comprising (a) a label substrate having a first and second surface, (b) an acid- 
base indicator composition, and (c) an activator composition, wherein one of (b) 
or (c) are on the first surface of the substrate and wherein (b) and (c) when 

20 brought in contact remain adhered. The label may have a pressure sensitive 
adhesive on the second surface of the label. 

In one embodiment, the invention relates to a time-temperature indicating 
label, comprising: (a) a label substrate having first and second surfaces; (b) an 
indicator composition containing an acid-base indicator capable of changing 

25 color, on a first area of the first surface; and (c) an activator composition on a 
second area of the first surface, wherein the first pressure sensitive adhesive and 
the polymeric material may be brought into an overlying relationship. 

In another embodiment, the invention relates to a time-temperature 
indicating label, comprising: (a) a foldable label substrate having a first surface 

30 and a second surface; (b) an indicator composition containing an acid-base 
indicator capable of changing color on a first area of the first surface; (c) a 
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polymeric material containing an activator compound capable of changing the 
color of the acid-base indicator on a second area of the first surface; and (d) a 
release liner on the first pressure sensitive adhesive. 

In another embodiment, the invention relates to a method of determining 
5 the time-temperature history of an article, comprising: (a) providing a 

time-temperature indicating label, comprising: a label substrate having first and 
second surfaces; a first pressure sensitive adhesive containing an acid-base 
indicator capable of changing color, the first pressure sensitive adhesive on a 
first area of the first surface; and a polymeric material containing an activator 

10 compound capable of causing a color change in the acid-base indicator, the 
polymeric material on a second area of the first surface; (b) activating the time- 
temperature indicating label by bringing at least a portion of the first pressure 
sensitive adhesive into contact with at least a portion of the polymeric material; 
and (c) attaching the time-temperature indicating label to a substrate. 

15 In another embodiment, the invention relates to a name badge comprising 

a printable substrate having a first and second surface, an acid-base indicator 
composition on the first surface of the substrate and an activator composition 
which is capable of adhering to the indicator composition. 

In another embodiment, the invention relates to a method of providing 

20 name badges with a time limit, comprising the steps of providing an inkjet or laser 
printable substrate having a first and second surface and an acid-base indicator 
composition on the first surface, providing an activator composition, adhering the 
activator composition to the indicator composition wherein the indicator 
composition changes color to indicate that the name badge is expired. 

25 Thus, the present invention provides a time indicating label which 

addresses and provides a solution to the problems of the prior art. The labels 
provide an effective means for determine the safety of frozen foods. The labels 
also provide a means of enhancing security by providing name badges that are 
time sensitive and may not be reused. The name badges provide a means to 

30 monitor the length of a visitor's time and prevent reusing the name badge. 



Brief Description of the Drawings 



WO 03/077227 PCT/US03/07318 



Fig. 1 is a schematic cross-sectional view of a first embodiment of the 
time-temperature indicating label, in accordance with the present invention. 

Fig. 2 is a schematic cross-sectional view of a second embodiment of the 
time-temperature indicating label, in accordance with the present invention. 
5 Fig. 3 is a schematic cross-sectional view of a third embodiment of the 

time-temperature indicating label, in accordance with the present invention. 

Figs. 4A and 4B are schematic cross-sectional views of two alternate 
forms of a fourth embodiment of the time-temperature indicating label, in 
accordance with the present invention. 
10 Figs. 5A and 5B are schematic cross-sectional views of two alternate 

forms of a fifth embodiment of a time-temperature indicating label, in accordance 
with the present invention. 

Fig. 6 is a schematic cross-sectional view of an alternate embodiment of 
the time-temperature indicating label shown in Fig. 5B, in accordance with the 
15 present invention. 

Fig. 7 is a schematic cross-sectional view of the first embodiment of the 
time-temperature indicating label, shown in Fig. 1 , in which the label substrate 
has been folded over to bring the acid-base indicator in the first pressure 
sensitive adhesive into activating contact with the activator in the polymeric 
20 material, in accordance with the present invention. 

Fig. 8 is a schematic cross-sectional view of the second embodiment of 
the time-temperature indicating label, which has been activated as in Fig. 7, and 
which has been attached to a substrate by means of a second adhesive, in 
accordance with the present invention. 
25 Fig. 9 is a schematic cross-sectional view of an alternative form of the first 

embodiment of the time-temperature indicating label, in which the polymeric 
material containing the activator has been embedded in the label substrate, in 
accordance with the present invention. 

Fig. 10 is a schematic cross-sectional view of another alternative form of 
30 the first embodiment of the time-temperature indicating label, in which the label 
substrate contains the activator as an integral component, in accordance with the 
present invention. 
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Fig. 1 1 . is a schematic cross-sectional view of a fifth embodiment of the 
time-temperature indicating label, in which the label substrate is folded prior to 
use, with a release liner between the first pressure sensitive adhesive and the 
polymeric material, in accordance with the present invention. 

5 Fig. 12 is a schematic cross-sectional view of an alternative form of the 

fifth embodiment of the time-temperature indicating label similar to that of Fig. 1 1 , 
which has been attached to a substrate by means of a second adhesive, in 
accordance with the present invention. 

Fig. 13 is a schematic process flow diagram of a first embodiment of 

10 dispensing the time-temperature indicator in accordance with the present 
invention. 

Fig. 14 is a schematic process flow diagram of a second embodiment of 
dispensing the time-temperature indicator in accordance with the present 
invention. 

15 Fig. 15 is a schematic process flow diagram of a third embodiment of 

dispensing the time-temperature indicator in accordance with the present 
invention. 

Fig. 16 is a schematic cross-sectional view of a sixth embodiment of the 
time-temperature indicating label, in accordance with the present invention. 
20 Fig. 17 is a schematic cross-sectional view depicting several of the steps 

in assembling the time-temperature indicating label of Fig. 16. 

Fig. 18 is a schematic cross-sectional view depicting the step of removing 
portions of the time-temperature indicating label of Fig. 16, during the activation 
of the label. 

25 Fig. 19 is a schematic cross-sectional view of the sixth embodiment of the 

time-temperature indicating label, as shown in Figs. 16-18, in which portions of 
the label have been removed, and the label has been activated, including folding 
over the label substrate to bring the acid-base indicator in the first pressure 
sensitive adhesive into activating contact with the activator in the polymeric 

30 material, in accordance with the present invention. 
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Fig. 20 is a schematic cross-sectional view of a seventh embodiment of 
the time-temperature indicating label, depicting several of the steps in 
assembling and activating the label, in accordance with the present invention. 
Fig. 21 is a schematic cross-sectional view of the seventh embodiment of 
5 the time-temperature indicating label, as shown in Fig. 20, in which portions of 
the label have been removed, and the label has been activated, including 
bringing the acid-base indicator in the first pressure sensitive adhesive into 
activating contact with the activator in the polymeric material, in accordance with 
the present invention. 
10 Fig. 22a-e are a schematic cross-sectional view of a name badge and 

several steps in the assembling and activating the name badge. 

Fig. 23a-e are a schematic cross-sectional view of a name badge and 
several steps in the assembling and activating the name badge. 

Fig. 24a-f are a schematic cross-sectional view of a name badge and 
15 several steps in the assembling and activating the name badge. 

Fig. 25a-f are a schematic cross-sectional view of a name badge and 
several steps in the assembling and activating the name badge. 

Fig. 26a-e are a schematic cross-sectional view of a name badge and 
several steps in the assembling and activating the name badge. 
20 Fig. 27a-e are a schematic cross-sectional view of a name badge and 

several steps in the assembling and activating the name badge. 

Fig. 28a-g are a schematic cross-sectional view of a name badge and 
several steps in the assembling and activating the name badge. 

Fig. 29a-g are a schematic cross-sectional view of a name badge and 
25 several steps in the assembling and activating the name badge. 

Fig. 30a-g are a schematic cross-sectional view of a name badge and 
several steps in the assembling and activating the name badge. 

Fig. 31a-f are a schematic cross-sectional view of a name badge and 
several steps in the assembling and activating the name badge. 
30 It should be appreciated that for simplicity and clarity of illustration, 

elements shown in the Figures have not necessarily been drawn to scale. For 
example, the dimensions of some of the elements may be exaggerated relative 
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to each other for clarity. Further, where considered appropriate, reference 
numerals have been repeated among the Figures to indicate corresponding 
elements. 

it should be appreciated that the process steps and structures described 
5 below do not form a complete process flow for manufacturing a complete time 
indicator or time-temperature indicator. The present invention can be practiced 
in conjunction with fabrication techniques currently used in the art, and only so 
much of the commonly practiced process steps are included as are necessary for 
an understanding of the present invention. 

10 Detailed Description 

The term "overlies" and cognate terms such as overlying and the like 
refers to the fact that one of the layers covers at least a portion of the other layer. 
The layer overlying the other layer may or may not be in direct contact with the 
other layer. For example, one or more additional layers may be positioned 

15 between the layers. Similarly, the term "underlies" and cognate terms such as 
"underlying" and the like refers to the situation where at least one portion of one 
layer is covered by the other layer. 

The term "transparent layer" refers to a layer through which color, ink or 
printing may be seen. 

20 As used herein, the term "first pressure sensitive adhesive" is sometimes 

used as illustrative of the indicator composition, and the term "polymeric material" 
is sometimes used as illustrative of the actuator composition. It is understood 
that the other carrier materials discussed herein may still be used in place of the 
first pressure sensitive adhesive or the polymeric material. These terms are 

25 used as illustrative, non-limiting examples. 

As described herein, the time and/or time-temperature indicator comprises 
a label substrate, an acid-base indicator composition, and an activator 
composition. When brought into contact that indicator composition and the 
activator remained adhered. In one embodiment, one or both layers have 

30 adhesive qualities. In another embodiment, the layers are adhered through 
another coating of an adhesive. 
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The indicator and activator compositions may be provided as individual 
structures that are placed together, such as two constructions with a substrate 
supporting each of the compositions. As another embodiment, the indicator and 
the activator may be provided on the same substrate. In this embodiment, the 
5 substrate is flexible or articulated to bring the indicator and the activator into at 
least a partial overlying relationship. 

The areas of the indicator and activator compositions are such that they 
may be positioned and sized so that one layer completely covers a majority or 
completely covers the other layer. Typically, the covering layer will be the layer 
10 with the activator. 

In the time and/or time-temperature indicating labels and methods, the 
acid-base indicator changes color by the action of the migration of the activator 
compound. The migration of the activator compound is determined by the time 
the indicator is exposed to certain temperatures. When the color change is 
15 visible, then the material to which the indicator is attached, such as food, should 
not be used. Hereinafter, when reference to the "time indicator or "time 
indicating label" is used, it should be understood that such refers to both time 
and time-temperature indicators or indicating labels, unless one is specifically 
identified. 

20 Label substrates 

As described above, the time temperature indicator has a label substrate 
having a first and second side. The label substrate may be clear, or opaque. 
The substrate is flexible enough to bend and have the area of the indicator 
composition come into contact with the activator composition. In one 

25 embodiment, the color change is visible through the label substrate. In one 
embodiment, the label substrate is substantially transparent. That is, the color 
change can be observed through the label substrate. In one embodiment, the 
label substrate is clear, colorless and completely transparent. The substrates 
may have one or more coatings to improve ink adhesion. In one embodiment, 

30 the papers are coated with topcoats to improve Inkjet ink adhesion. These 
papers are known and available to those skilled in the art. 
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The label substrate may be any sheet or film capable of bending as 
described above. In one embodiment, the label substrate may be any film 
intended for use as label facestock or tape. This label substrate can be a 
polymer film, paper sheet, or combination thereof. The color change in the acid- 

5 base indicator caused by the activator can be observed through the label 

substrate. When used as a label, the face side may have a printed or a printable 
surface. This label substrate can be a single-layered sheet or film or it can be a 
multi-layered construction. These include polymer films and multi-layered 
polymer films. The multi-layered constructions and polymer films have two or 

10 more layers, or about two to about seven layers, or about three to about five 
layers. The layers of such multi-layered constructions and polymer films can 
have the same composition and/or size or they can be different. The label 
substrate can have any thickness that is suitable for sheets or films intended for 
use as labels or tapes, with thicknesses in the range from about 0.3 to about 20 

15 (about 8 to about 500 microns), or from about 0.3 to about 1 0 mils (about 8 to 
about 250 microns), or from about 0.5 to about 5 mils (about 12 to about 125 
microns), or from about 1 to about 4 mils (about 25 to about 100 microns). Here 
and elsewhere in the specification and claims, the range and ratio limits may be 
combined. 

20 The polymer films include polyolefins (linear or branched), polyamides, 

polystyrenes, nylon, polyesters, polyester copolymers, polyurethanes, 
polysulfones, polyvinylidine chloride, styrene-maleic anhydride copolymers, 
styrene-acrylonitrile copolymers, ionomers based on sodium or zinc salts of 
ethylene methacrylic acid, polymethyl methacrylates, cellulosics, fluoroplastics, 

25 acrylic polymers and copolymers, polycarbonates, polyacrylonitriles, and 
ethylene-vinyl acetate copolymers. Included in this group are the acrylate 
copolymers such as ethylene methacrylic acid, ethylene methyl acrylate, ethylene 
acrylic acid and ethylene ethyl acrylate copolymers. Also, included in this group 
are polymers and copolymers of olefin monomers having from 2 to about 12, or 

30 from 2 to about 8 carbon atoms. These include the polymers of alpha-olefins 
having from 2 to about 4 carbon atoms per molecule. These include 
polyethylene, polypropylene, poly-1-butene, etc. An example of a copolymer 
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within the above definition is a copolymer of ethylene with 1-butene having from 
about 1 to about 10 weight percent of the 1-butene comonomer incorporated into 
the copolymer molecule. 

The polyethylenes that are useful have various densities including low, 

5 medium and high density ranges. The low density range is from about 0.910 to 
about 0.925 g/cm 3 ; the medium density range is from about 0.925 to about 0.940 
g/cm 3 ; and the high density range is from about 0.940 to about 0.965 g/cm 3 . 
Films prepared from blends of copolymers or blends of copolymers with 
homopolymers also are useful. 

10 In one embodiment, the label substrate is a paper or card stock substrate. 

The paper label substrates include paper and glassine, and any other paper. 
The paper may include paperboard from straw, bark, wood, cotton, flax, 
cornstalks, sugarcane, bagasse, bamboo, hemp, and similar cellulose materials 
prepared by such processes as the soda, sulfite or sulfate (Kraft) processes, the 

15 neutral sulfide cooking process, alkali-chlorine processes, nitric acid processes, 
semi-chemical processes, etc, so long as these papers are substantially 
transparent. Although paper of any basis weight can be employed, paper having 
basis weights in the range from about 10 to about 50 pounds per ream (lb/ream) 
are useful. In one embodiment, papers having weights in the range of from 

20 about 20 to about 40 lb/ream may be used. 

The label substrate can be a polymer-coated paper which is basically 
comprised of a sheet of paper that is coated on either one or both sides with a 
polymer coating, so long as the label substrate is substantially transparent. The 
polymer coating, which can be comprised of a high, medium, or low density 

25 polyethylene, polypropylene, polyester, and other similar polymer films, is coated 
onto the label substrate surface to add strength and/or dimensional stability. The 
weight of these types of coated paper label substrates can vary over a wide 
range with weights in the range of about 10 to about 50 lb/ream being useful. In 
total, the final coated paper label substrate may be comprised of between about 

30 10% and about 40% by weight polymer. For two-sided coatings, the quantity of 
polymer is approximately evenly divided between the top or face side and the 
bottom or underside of the paper. 
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Carriers 

The substrates may have either an acid-base indicator composition or an 
activator composition on one or more of its surfaces. These compositions 
comprise an acid-base indicator compound or an activator compound and a 
5 carrier. The carriers are generally applied by coating or printing technologies, 
such as flexo printing. The carriers may include polymeric materials, inks, 
varnishes and pressure sensitive adhesives. 

In one embodiment, the carrier may be an ink such as water-based, 
solvent-based or a radiation-curable ink appropriately chosen for the particular 

10 construction of the film structure of the present invention, and/or the particular 
printing method utilized. Specific examples of inks which can be utilized as a 
non-adhesive or detackifier material in the present invention include Sun Sheen 
(a product of Sun Chemical Company identified as an alcohol dilutable polyamide 
ink), Suntex MP (a product of Sun Chemical Company identified as a solvent- 

15 based ink formulated for surface printing acrylic coated substrates, PVIDC 
coated substrates and polyolefin films), X-CEL (a product of Water Ink 
Technologies identified as a water-based film ink for printing film substrates), 
Uvilith AR-109 Rubine Red (a product of Daw Ink identified as a UV ink) and CLA 
91 598F (a product of Sun Chemical identified as a multibond black solvent- 

20 based ink). An example of a useful solvent based ink is No-Tox Liquid Ink FGN 
41 21 and an example of a useful water based ink is No-Tox Liquid Ink FGN 
3359, both of which are available from Colorcon, a division of Berwind 
Pharmaceutical Services, West Point, PA. The FGN 3359 ink is believed to 
contain styrene-acrylic polymers. 

25 In another embodiment, the carrier may be solvent-based or water-based 

varnish. The varnish may be typically comprised of one or more organic polymers 
or copolymers such as polyolefins, polyamides, polyesters, polyester copolymers, 
polyurethanes, polysulfones, polyvinylidene chloride, styrene-maleic anhydride 
copolymers, styrene-acrylonitrile copolymers, ionomers based on sodium or zinc 

30 salts of ethylene methacrylic acid, polymethyl methacrylates, acrylic polymers 
and copolymers, cellulosic polymers, acetate polymers, polyvinyl chlorides, 
polycarbonates, polyacrylonitriles, ethylene-vinyl acetate copolymers, and 
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mixtures of two or more thereof dissolved or dispersed in a diluent. Examples of 
the diluents that can be used include alcohols such as ethanol, isopropanol 
butanol; esters such as ethyl acetate, propyl acetate, butyl acetate; toluene, 
xylene; ketones such as acetone, methyl ethyl ketone, mineral spirits and 

5 mixtures thereof. The ratio of polymer to diluent is dependent on the viscosity 
required for the application of the carrier, and the selection of such viscosity is 
within the skill of the art. Example of varnishes that can be used as carrier 
materials include CLBO 4275F-Prokote Primer (a product of Sun Chemical 
Corporation identified as a solvent based primer useful with inks and coatings). 

10 The carriers utilized in the present invention typically have a thick coating weight 
of from about 1 to about 5 gsm (grams per square meter) or from about 1 to 
about 2 gsm. 

In one embodiment, the varnish is a UV-curable varnish. Nonlimiting 
examples of UV-curable varnishes include Envirocure UV-1801, available from 

15 Environmental Ink and Coating Corp. (Morgantown, N.C.), and Clear Coating 
RCA 01291 R, available from Sun Chemical (Rochester, NY). An example of a 
clear UV-cured acrylic varnish currently available under the designation 
Flexographic UV Curable Varnish, UVF 02037, is available from Akzo Nobel Inks 
Corp., Langhorne, PA. Envirocure UV-1801 is non-yellowing, offers good 

20 flexibility and resistance to cracking, provides rapid cure response, and provides 
good scuff resistance. Clear Coating RCA 01 291 R is light- and 
temperature-stable and exhibits high gloss and lay, with excellent adhesion. The 
varnish can be applied as a liquid and then cured with ultraviolet light. In one 
embodiment, the varnish is applied at a coat weight (measured after drying) of 

25 from about 1 to about 5gsm, or from about 2.5 to about 4.5 gsm. Alternatively, a 
thin layer (approximately 0.5 gsm) of silicone is used in place of the UV-curable 
varnish layer. 

A suitable UV-curable varnish for the second layer is available as product 
code Clear Coating RCA 01291 R from Sun Chemical of Rochester, N.Y. This 
30 particular product exhibits high gloss and layflatness with excellent release 
properties when coated on the upper exposed face surface of the first UV- 
curable varnish layer. The coating is very stable with respect to light and 
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temperature. Ultraviolet curable matte varnishes useful for forming this varnish 
layer are available from the Dunmore Corp., Newtown, PA. Polyethylene 
terephthalate films coated with a solvent-based gravure imprintable top varnish 
useful in preparing the labels of this invention also are available from the 
5 Dunmore Corp. 

It should be noted that alternatives to UV-curable varnishes include 
water-based varnishes, solvent-based varnishes, or other varnishes, such as hot 
melt varnishes. Suitable water-based varnishes are Film III C Extender Varnish, 
Film III C Opaque White and Aqua Gloss Film OPV available from Environmental 

10 Inks & Coatings. A suitable solvent-based varnish is Flexotuf Extending Varnish 
available from Sun Chemical. Water- and solvent- based varnishes and inks can 
be applied utilizing flexographic, gravure and screen ink printing techniques or in 
some instances, print rolls. 

As described above, a carrier may be a pressure sensitive adhesive. The 

15 pressure sensitive adhesive is present in an amount from about 5 to about 45, or 
from about 7 to about 30 or to about 9 to about 25 grams per square meter (gsm 
or g/m 2 ). The pressure sensitive adhesive contains at least one acid-base 
indicator or at least one activator. If should be noted that pressure sensitive 
adhesives are used in a number of the embodiments of the present invention. 

20 Any one of the pressure sensitive adhesive described herein may be used where 
the invention calls for a pressure sensitive adhesive. 

As disclosed herein, the acid-base indicator may be in either the carrier 
layers, and the activator compound may be in either of the carrier layers. 
The pressure sensitive adhesive may be comprised of any 

25 pressure-sensitive or heat-activatable adhesive material known in the art for 

making labels, tapes and the like. The pressure sensitive adhesive must be able 
to adhere to the surface of the polymeric material or a layer covering the 
polymeric material. The adhesives include rubber based adhesives, acrylic 
adhesives, vinyl ether adhesives, silicone adhesives, and mixtures of two or more 

30 thereof. The pressure sensitive adhesives can be in the form of hot melt, 
solution or emulsion adhesives. Included are the pressure sensitive or 
heat-activatable adhesive materials described in "Adhesion and Bonding", 
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Encyclopedia of Polymer Science and Engineering, Vol. 1 , pages 476-546, 
Interscience Publishers, 2nd Ed. 1985, the disclosure of which is hereby 
incorporated by reference. The pressure sensitive or heat-activatable adhesive 
materials that are useful may contain as a major constituent an adhesive 
5 polymer, such as acrylic-type polymers; block copolymers; natural, reclaimed, or 
styrene-butadiene rubbers; tackified natural or synthetic rubbers; or random 
copolymers of ethylene and vinyl acetate, ethylene-vinyl-acrylic terpolymers, 
polyisobutylene, polyvinyl ether), etc. 

Other materials in addition to the foregoing resins may be included in the 

10 pressure sensitive or heat-activatable adhesive compositions. These include 
solid tackifying resins, antioxidants, fillers, pigments, waxes, etc. Also included 
are plasticizers (often referred to as liquid tackifiers), including phthalate esters 
and phosphate esters. Many plasticizers are described which are used in the 
label substrate. These plasticizers may be used in the pressure sensitive 

15 adhesive. The adhesive compositions may contain various oil components such 
as paraffinic or aromatic oil. Naphthenic oil may present in the adhesive. 

In one embodiment, the pressure sensitive adhesives are polyacrylate or 
polymethacrylate pressure sensitive adhesives. The polymers generally have a 
glass transition temperature of less than about 10°C, or less than about 0°C, or 

20 less than about -1 5°C. The polymers typically have a weight average molecular 
weight of at least about 200,000, or from about 200,000 to about 700,000. The 
weight average molecular weight may be determined by size exclusion 
chromatography using polystyrene for calibration. Polymers of the instant 
invention may be synthesized by solution, emulsion or bulk polymerization. 

25 Polymers may be cross-linked to the desired extent, prior to use, using heat, ionic 
additives, catalysts, actinic or electron beam radiation and the like. 

The acrylate or methacrylate esters include those having from about 1 to 
about 24, or from about 2 to about 18, or from about 4 to about 16 carbon atoms 
in the ester group. The alkyl acrylate and methacrylate esters include without 

30 limitation 2-ethyl hexyl acrylate, isooctyl acrylate, butyl acrylate, sec-butyl 

acrylate, methyl butyl acrylate, 4-methyl-2-pentyl acrylate, isodecyl methacrylate, 
octadecyl acrylate (ODA), lauryl acrylate (LA), propyl acrylate (PA), ethyl acrylate 
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(EA), ethylmethacrylate (EMA), propylmethacrylate (PMA), 3,3,5 
trimethylcyclohexyl acrylate (TMCA), iso-bornyl acrylate (IBA), cyclohexyl 
acrylate (CHA), N-octyl acrylamide (NOA), other N-alkyl acrylamides, 
tetrahydrofurfuryl acrylate (THFA), methyl acrylate (MA), 2-phenoxyethylacrylate 
5 (2-PhEA) and their hydroxy substituted analogs, and mixtures thereof. In some 
embodiments, isooctyl acrylate and 2-ethyl hexyl acrylate are particularly useful. 

In one embodiment, the adhesives are polymers of an acrylate or 
methacrylate ester, a nitrogen containing monomer, an unsaturated carboxylic 
acid, and optionally a monomer containing cross-linkable site. The acrylate 

10 esters or methacrylate esters are generally present in a major amount, e.g., 
greater than 50%. Typically the acrylate or methacrylate ester is present in an 
amount from about 55% to about 90%, or from about 60% to about 85%, or from 
about 65% to about 80% by weight. 

The nitrogen containing monomers include N-vinyl lactams. Examples of 

15 useful nitrogen containing monomers are N-vinyl pyrrolidone (NVP), N-vinyl 
caprolactam (NVC), N,N,-dimethylacrylamide (DMA), 1-vinyl-2-piperidone, 
1-vinyl-5-methyl-2-pyrrolidone, and the like. N-vinyl pyrrolidone is particularly 
useful. The level of nitrogen containing monomer is generally from 10% to about 
30%, or from about 8% to about 16%, or from about 10% to about 14% by 

20 weight In one embodiment, the total level of nitrogen containing monomer is 
from about 15% to about 25%, or from about 10% to about 15%, or from about 
1 1 % to about 13% by weight 

In one embodiment, the pressure adhesive is prepared in the presence of 
an unsaturated carboxylic acid. The unsaturated carboxylic acids include acrylic 

25 acid, methacrylic acid, fumaric acid, maleic acid or anhydride, allyl acid, or 
mixtures thereof. The unsaturated carboxylic acid is generally present in an 
amount from 0.5% to about 20%, or from about 2% to about 1 5%, or from about 
4% to about 10% by weight. 

In one embodiment, the pressure sensitive adhesive is prepared with a 

30 glycidyl monomer. The glycidyl monomer include epoxy acrylate or methacrylate 
esters, and glycidyl allyl esters, for example glycidyl acrylate (GA) and glycidyl 
methacrylate (GMA). The glycidyl monomers are present in an amount from 0% 
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to about 3%, or from about 0.3% to about 2%, or from about 0.5% to about 1 % 
by weight. In one embodiment, the glycidyl monomer is present in an amount of 
less than about 0.5%, or less than about 0.3%, or less than about 0.2% by 
weight. In this embodiment, the glycidyl monomer is present at a level of at least 
5 about 0.01 % by weight. 

In one embodiment, the polymers include at least one alkyl acrylate and 
methacrylate ester containing less than 4 carbon atoms in the alkyl group. 
Examples of these monomers include methyl acrylate, ethyl acrylate, methyl 
methacrylate, ethyl methacrylate and the like. Methyl acrylate is particularly 

10 preferred. These monomers are present in an amount from about 0% to about 
42%, or from about 5% to about 30%, from about 10% to about 25% by weight, 
from about 30% to about 40% by weight. 

In one embodiment, the pressure sensitive adhesives are copolymers 
made from monomers including the foregoing monomers copolymerized with a 

15 sulfonic acid containing ethylenically polymerizable monomer. In one 

embodiment, the sulfonic acid containing monomer includes both a sulfonic acid 
moiety and an acryl or methacryl moiety. In one embodiment, the sulfonic acid 
containing monomer includes both a sulfonic acid moiety and an acrylamide or a 
methacrylamide moiety. In one embodiment, the sulfonic acid containing 

20 monomer is 2-aciylamido-2-methyl-l-propanesulfonic acid (AMMPAS). The 

presence of the sulfonic acid moiety provides to the pressure sensitive adhesive 
beneficial effects in the low-energy adhesion and in withstanding extended 
exposure to cold temperatures. 

The pressure sensitive adhesive may include other co-polymerizable 

25 monomers. Typically these monomers are present in an amount from about 0% 
to about 33%, or from about 1 % to about 20%, or from about 3% to about 1 5% 
by weight. These other monomers are selected to provide the desired glass 
transition temperature for the polymer. Other monomers include polystyryl ethyl 
methacrylate, acetoacetoxy ethyl methacrylate, alpha olefins (e.g. C 2 . 8 

30 alpha-olefins), such as ethylene, propylene and butylene, and vinyl esters of 
alkanoic acids containing more than three carbon atoms, and monomers such as 
vinyl acetate and styrene. 
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The pressure sensitive adhesives may be emulsion based. The emulsion 
based pressure sensitive adhesives useful in the instant invention are based on 
polymers which contain, on a percent by weight basis, from about 95% to about 
97.5% by weight total of at least one alkyl ester of acrylic acid containing about 1 
to about 10 carbon atoms in the alkyl group. Useful alkyl acrylates include n-butyl 
acrylate, 2-ethyl hexyl acrylate, isooctyl acrylate and the like. In one 
embodiment, the alkyl acrylate is butyl acrylate. In another embodiment, the 
alkyl acrylate is 2-ethyl hexyl acrylate. In another embodiment, the alkyl acrylate 
is a mixture of butyl acrylate and 2-ethyl hexyl acrylate. 

The second monomeric component in the emulsion pressure sensitive 
adhesive may be a mixture of a,p-unsaturated carboxylic acids present in a total 
amount of at least about 2.5% by weight, and in one embodiment from about 
2.5% to about 5% by weight. The unsaturated carboxylic acid may contain from 
about 3 to about 5 carbon atoms and may include, among others, acrylic acid, 
methacrylic acid, itaconic acid and the like. In one embodiment, the unsaturated 
carboxylic acid includes a mixture of acrylic acid and methacrylic acid. In one 
embodiment, the mixture includes a respective weight ratio of about 1:1 to about 
1:3, and in another embodiment a respective weight ratio from about 1:1 to about 
1 :2, of acrylic to methacrylic acid. 

In one embodiment, the emulsion pressure sensitive adhesives may have 
a glass transition temperature of less than about -10°C, and in one embodiment, 
less than about -30°C. 

In one embodiment, the emulsion pressure sensitive adhesives may 
include an anionic surfactant in an amount up to about 2.5% by weight of the 
total emulsion pressure sensitive adhesive and surfactant mixture. Suitable 
anionic surfactants include sodium alkyl sulfates, sodium alkyl ether sulfates, 
sodium dialkyl sulfosuccinates, and similar anionic surfactants. 

In one embodiment, the emulsion pressure sensitive adhesives may 
further include known additives such as tackifiers. 

The pressure sensitive adhesives of the present invention exhibit good 
adhesion to low-energy surfaces such as polyethylene, polypropylene, vinyl 
chloride/vinylidene chloride copolymers (e.g., Saran), waxed paper, polymers 



WO 03/077227 



19 



PCT/US03/07318 



containing surfactants which may migrate to the surface, and other low energy 
surfaces in materials commonly used for food packaging. These adhesives and 
blends therewith help retain the adhesive performance, e.g., required for superior 
performance on low energy surfaces, without compromising either the cohesive 
strength (important for long term removability properties) or cold temperature 
properties. The adhesive composition is particularly well suited for use with films 
like PVC that are known to often contain additives, such as plasticizers, which 
are capable of compromising adhesive performances. Blends of appropriate 
adhesive formulations, however, help overcome the cold temperature deficiency 
of high NVP polymers while still maintaining good aged cold performance and 
long term removability characteristics. 

In one embodiment, the pressure-sensitive adhesive polymers of the 
present invention are prepared by co-polymerizing a mixture of monomers 
comprising from about 55% to about 85% by weight of an alkyl acrylate and/or 
methacrylate ester containing 4 to about 12 carbon atoms in the alkyl group; from 
about 0 to about 1 % by weight of a glycidyl monomer from about 10 to about 
30% by weight, or from 10 to about 15% by weight of a nitrogen monomer; from 
0.5% to 1 5% by weight, or from about 5 to about 1 5% by weight of an 
unsaturated carboxylic acid, or from about 3 to about 8% by weight; from about 0 
to about 30% by weight of a sulfonic acid-containing ethylenically polymerizable 
monomer; from 0 to about 30% by weight of an alkyl acrylate and/or methacrylate 
ester containing less than 4 carbon atoms in the alkyl group, most preferably 
from about 12 to about 22% by weight, and optionally from about 0 to 33% by 
weight of one or more other comonomers to provide a balance of desirable 
polymer properties such as glass transition temperature. 

The copolymers may be synthesized using solution, emulsion, or bulk 
polymerization techniques. In one embodiment, the copolymers are prepared in 
solution using a mixture of solvents and/or as an emulsion. The solution 
polymerization involves the use of blends of ethyl acetate and ethyl alcohol. In 
one embodiment, the ratio of ethyl acetate to ethyl alcohol is 36:24. The ratio of 
solvents is adjusted to provide a reflux temperature from about 68°C to about 
78°C. The solids content during polymerization may typically range from about 
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30% to about 60% in order to achieve the desired weight average molecular 
weight, and yet achieve viscosities that are manageable in the reactor. The 
reaction occurs in the presence of free-radical initiators, preferably of the azo 
type, for example, 2,2-azobisisobutyronitriIe (AIBN). The polymers formed are 
5 solvent soluble polymers. In one embodiment, the glycidyl monomer is limited to 
1% by weight of the total monomers to avoid the possibility of cross-linking, by 
opening of the oxirane group, during polymerization or during aging. Polymers 
can, as desired, be post-polymerization cross-linked using heat, catalysts, actinic 
or electron beam radiation and the like. The adhesive properties can, further be, 
10 manipulated and modified by additions of additives such as tackifiers, 
plasticizers, etc. 

The following examples relate to the polymers of the present invention. 
Unless otherwise indicated here or throughout the specification and claims, the 
range and ratio limits are by weight, the temperature is room temperature in 
15 degrees Celsius and the pressure is atmospheric pressure. 

Example A-1 : 

Example A-1 provides examples of the preparation of acrylic emulsion 
pressure sensitive adhesives suitable for use in the present invention. 
The following synthetic protocol was used for the synthesis of an 

20 AMMPAS pressure sensitive adhesive (the quantities of monomers used in the 
following are varied in various samples below, but the procedure is the same): 

Using a mixture of monomers comprising 46.88% by weight iso-octyl 
acrylate (IOA), 37.5% butyl acrylate (BA), 3.13% MMA (methyl methacrylate), 
5.31% acrylic acid (AA), 6.25% 2-acrylamido-2-methyl-l-propanesulfonic acid 

25 (AMMPAS), and 0.93% 2,2 , -azobisisobutyronitriie (AIBN), an acrylic copolymer 
was prepared by solution polymerization in a mixture of ethyl acetate and ethanol 
(weight ratio 36/24), using 0.93% by weight (based on the weight of monomers) 
of AIBN as an initiator. Monomeric AMMPAS was mixed with ethanol (solution 
A), and the solution A was stirred to get a clear solution. Other monomers and 

30 the initiator were mixed with ethyl acetate (solution B). Solutions A and B are 
placed in a glass bottle reactor. The mixture in the reactor is purged with nitrogen 
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for two minutes, followed by sealing the bottle reactor. The reactor is mounted in 
the oil bath, and heating and shaking the reactor is started. The reaction is 
carried out at 70'C in the oil bath for 24 hours. Upon completion of the reaction, 
an AMMPAS emulsion acrylic pressure sensitive adhesive is formed, and may 
5 be used for further experiments. 

Table 1 shows a series of exemplary emulsion acrylic pressure sensitive 
adhesives for use as polymer adhesive/coatings, made with AMMPAS, various 
monomers and AIBN as initiator: 



Table 1 



Run ID 


Reaction Mixture Composition, wt% 


Total, 
wt% 


AIBN 


IOA 


BA 


MMA 


AMMPAS 


AA 


1 


0.94 


46.88 


37.50 


3.13 


6.25 


5.31 


100 


2 


1.02 


13.65 


40.96 


40.96 


0.00 


3.41 


100 


3 


0.99 


13.21 


39.60 


39.60 


3.30 


3.30 


100 


4 


0.93 


12.38 


37.15 


37.15 


9.29 


3.10 


100 


5 


0.87 


11.66 


34.99 


34.99 


14.58 


2.92 


100 


6 


0.80 


10.73 


32.17 


32.17 


21.45 


2.68 


100 


7 


0.76 


10.19 


30.53 


30.53 


25.45 


2.54 


100 


8 


0.83 


11.02 


33.06 


33.06 


13.77 


8.26 


100 


9 


0.78 


10.46 


31.33 


31.33 


13.05 


13.05 


100 


10 


0.73 


9.69 


29.06 


29.06 


12.11 


19.37 


100 



Example A-2 

A monomer mixture is made up by mixing 216.3 g. of 2-ethyl hexyl 
acrylate, 40.76 g of methyl acrylate, 0.32 g. of glycidyl methacrylate, 38.04 g of 
N-vinyl pyrrolidone and 22.05 g of acrylic acid. A portion of (79.37 g) of this 
25 mixture is introduced to a 2-liter reactor equipped with a pitched turbine agitator, 
a reflux condenser and a thermistor. Also, 34.4 g. of ethyl acetate and 39.4 g of 
hexane are added to the reactor. The contents of the reactor are heated to reflux 
and 0.12 g of Vazo 64, are manufactured and sold by DuPont in 5.0 g of ethyl 
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acetate is added. After vigorous reflux started in a short time and the contents of 
the reactor are held for 5 minutes. At this time, the remaining monomers are 
mixed with 268.6 g. of ethyl acetate, 37.6 g. of hexane and 0.35 g. of Vazo 64 
and are added as a single feed mixture over 3.5 hrs. All through the feed, 
5 temperature is maintained to keep reactor contents under reflux. One hour after 
end of feed, 0.17 g. Vazo 64 is added in 5 g. ethyl acetate and temperature is 
maintained for an additional hour. The percentage of solids content at the end of 
reaction is 47% and the viscosity is 8680 cps using #4 @ 20 on a Brookfield 
viscometer. 

10 Example A-3 

A pressure sensitive adhesive is prepared as described in Example A-2 
except isooctyl acrylate is used in place of 2-ethylhexyl acrylate. 

The following Table 2 contains further examples of adhesives. The 
following examples follow the same procedure of Example A-2. The amount of 
15 materials is parts by weight. In the table, NVP refers to N-vinyl pyrrolidone; MeA 
refers to methyl acrylate; GMA refers to glycidyl methacrylate; AA refers to acrylic 
acid; and 2-EHA refers to 2-ethylhexyl acrylate. 
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Table 2 





Example 


NVP 


MeA 


GMA 


AA 


2-EHA 




A-3 


30 






3.0 


67 0 




A-4 


12 


12.8 


0.1 


6.9 


68.2 


5 


A-5 


12 


12.9 




6.9 


68.2 




A-6 


12 




0.1 


6.9 


81 




A-7 


12 


12.6 


0.3 


6.9 


68.2 




A-8 


12 




0.3 


6.9 


80.8 




A-9 


12 


4 


0.3 


6.9 


76.8 


10 


A-10 


12 


8 


0.3 


6.9 


72.8 




A-11 


12 


12.8 


0.3 


3.6 


71 3 




A-12 


12 


12.8 


0.3 


6.9 


68 




A-13 


10 


13.6 j 


0.3 


7 


69.1 




A-14 


10 


10 


0.3 


7 


72.7 


15 


A-15 


10 


12 


0.3 


7 


70.7 




A-16 i 


7.9 


16.6 


0.3 


7 


68.2 




A-17 


7.9 


16.6 


0.3 


6.9 


68.3 




A-18 


7.9 


16.9 


0.1 


6.9 


68.2 




A-19 


7.9 


12.8 


0.3 


7 


72 


20 


A-20 


8 


12.8 


0.3 


3.6 


75.3 



The pressure sensitive adhesives of the present invention exhibit good 
adhesion to low-energy surfaces. The pressure sensitive adhesive composition 
are also well suited for use with films like PVC that are known to often contain 
additives, such as plasticizers, which are capable of compromising adhesive 
25 performances. 

The adhesive layer is applied to the label substrate using known 
techniques. These include roller coating, curtain coating, brushing, spraying, 
reverse roll coating, doctor knife, dipping, die coating, offset gravure techniques, 
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etc. The coat weight is generally in the range of about 50 to about 70 grams per 
square meter (gsm), or from about 58 to about 64 gsm. The adhesive layer has 
a thickness of about 1.5 to about 3.5 mils (about 35 to about 90 microns), or from 
about 2 to about 3 mils (about 50 to about 75 microns). 

In one embodiment, the pressure sensitive adhesives bond well to low 
energy surfaces. Low energy surfaces include such materials as polyethylene, 
polypropylene, polyurethane and other first pressure sensitive adhesives which 
are frequently used for packaging in the food industry. 

In one embodiment, the pressure sensitive adhesive is an emulsion 
pressure sensitive adhesive. A useful emulsion pressure sensitive adhesive is 
prepared by polymerizing alkyl acrylates, vinyl esters, diesters of dicarboxylic 
acids and unsaturated acids. The alkyl acrylates typically contain from about 2 to 
about 12, or from about 4 to about 8 carbon atoms in the alkyl group. Examples 
of alkyl acrylates includes ethyl, n-butyl, hexyl, 2-ethylhexyl, and isooctyl 
acrylates, with 2-ethylhexyl acrylate particularly useful. As noted above, in one 
embodiment, the emulsion pressure sensitive adhesive is made from monomers 
including AMMPAS. 

The vinyl esters typically have from about 2 to about 12, or from about 4 to 
about 8 carbon atoms in the alkyl group. Examples of vinyl esters include vinyl 
acetate, vinyl propionate, vinyl butyrate, vinyl versitate and the like, with vinyl 
acetate being useful. 

The diesters of the dicarboxylic acids include alkyl esters of unsaturated 
diacids, such as maleic acid or anhydride and fumaric acids. The alkyl group 
generally contains from about 2 to about 20, or from about 4 to about 1 6, or from 
about 6 to about 12 carbon atoms. Examples of diesters of diacids include butyl, 
octyl fumarate; hexyl, decyl maleate; di-2-ethylhexyl maleate; di-butyl fumarate; 
and di-2-ethylhexyl fumarate and mixtures thereof. The unsaturated acids 
generally contain from about 2 to about 12, or from about 2 to about 6 carbon 
atoms. Examples of the unsaturated acids include acrylic acid, methacrylic acid, 
itaconic acid, and the like. 

In one embodiment, the alkyl acrylates are present in an amount of at 
least about 35%, or from about 35% to about 60% by weight. The vinyl esters are 
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present in an amount from about 1 5% to about 35%, or from about 20% to about 
25% by weight. The diesters of diacids are present in an amount from about 20% 
to about 35% by weight. The unsaturated acids are present in an amount up to 
5%, or from about 1% to about 3% by weight. The pressure sensitive adhesives 
are described in U.S. Pat. Nos. 5,164,444; 5,183,459; and 5,264,532, all issued 
to Bernard, and U.S. Pat. No. 5,385,965, issued to Bernard et al. These patents 
are incorporated by reference for their disclosure of pressure sensitive 
adhesives, their components and methods of making the same. 

In one embodiment, the label substrate is a polymeric facestock which 
contains migratory additives. The migratory additives improve the ability of the 
activator compound to migrate toward the pressure sensitive adhesive with the 
indicator compound. The additives include plasticizers and antioxidants. The 
plasticizer is a high-boiling solvent or softening agent, usually liquid. It is an ester 
made from an anhydride or acid and a suitable alcohol that usually has between 
6 to 13 carbon atoms. The plasticizers may be adipate, phosphate, benzoate or 
phthalate esters, polyalkylene oxides, sulfonamides, etc. The plasticizers include 
but are not limited to DOA plasticizer (Dioctyl adipate), TEG-EH plasticizer 
(Triethylene glycol di-2-ethylhexanoate), TOTM plasticizer (Trioctyl trimellitate), 
triacetin plasticizer (Glyceryl triacetate), TXIB plasticizer 
(2,2,4,-trimethyl-1,3-pentanediol diisobutyrate), DEP plasticizer (Diethyl 
phthalate), DOTP plasticizer (Dioctyl terephthalate), DMP plasticizer (Dimethyl 
phthalate), DOP plasticizer (Dioctyl phthalate), DBP plasticizer (Dibutyl 
phthalate), polyethylene oxide, toluenesulfonamide, dipropylene glycol benzoate, 
and the like. 

In another embodiment, the pressures sensitive adhesive contains a 
polyalkylene glycol. These additives are present in an amount from about 0.1 % 
to about 20% or from about 0.5% to about 1 5% by weight. These additives help 
the migration of the activator compound. These additives may be in the 
polymeric material as well. The polyalkylene glycols include polyethylene glycols, 
polypropylene glycols , polybutyleneglycols, etc. Examples of polyethylene 
glycols PEG 400, PEG 600, etc. Commercially available polyethylene glycols 
include Carbowax400 and Surfynol 104 or Surfynol 440 (available from 
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AirProducts and Chemicals, Allentown, Penna. 1 8105), Carbowet 990 (available 
from Vantage), PEG 400 available from and Aerosol TO-75 (available from 
American Cyanamid, Wayne, NJ. 07470). 

In one embodiment, the time indicating label has a label substrate, a first 
5 pressure sensitive adhesive containing an acid-base indicator and a polymeric 
material containing an activator. The polymeric material may include any suitable 
polymer in which the activator can be dissolved or dispersed. In one 
embodiment, the polymeric material is a pressure sensitive adhesive, such as 
one or more of those described above. In another embodiment, the polymeric 

10 material is any suitable polymer in which the activator can be dispersed or 
dissolved and from which the activator can migrate into the first pressure 
sensitive adhesive at a rate which is determined by the time and temperature to 
which the time-temperature indicating label is exposed after activation, and by 
the chemical content of the first pressure sensitive adhesive and the polymeric 

15 material. 

Suitable polymeric materials include polyisobutylene rubber, acrylic 
rubber, styrene-butadiene rubbers, and polybutadiene-based rubbers. In another 
embodiment, the polymeric material may be a homopojymer or copolymer. In 
various embodiments, the polymeric material may comprise any of the polymers 

20 disclosed herein for use as the label substrate. 

General classes of polymers suitable for use as the polymeric material 
include resins such as epoxy, phenol-formaldehyde, amino-formaldehyde, 
polyamides, vinyls, acrylics, polyurethanes, polyesters, water soluble resins, 
alkyds, elastomers, and rosins. Some of them are listed in the following 

25 references, "Resins for Surface Coatings", P. Oldring and G. Hayward, and 

"Resins and Varnishes for Ink and Paint", both published by McNair Publications, 
New York, N.Y. 

In one embodiment, the polymeric material is a combination of a 
polyacrylate pressure sensitive adhesive and a hydrocarbon polymer such as a 
30 polyolefin. The hydrocarbon polymer is present in an amount to increase the 
compatibility of the activator in the pressure sensitive adhesive. The 
hydrocarbon resin is typically present in an amount from about 0.5% to about 
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40%, or from about 1% to about 30% by weight. In one embodiment, the 
hydrocarbon resin is a rubber. The rubber is generally any of those used as 
pressure sensitive adhesives. The hydrocarbon polymers are described herein. 
The polyacrylate pressure sensitive adhesive makes up the majority of the 
combination. 

In another embodiment, the polymeric layer comprises from about 0.5% to 
about 40% or from about 1% to about 30% or from about 5% to about 25% by 
weight of the activator. The balance of the polymeric layer may be any non- 
sulfonic acid containing pressure sensitive adhesives such as acrylic pressure 
sensitive adhesives, or other suitable polymeric materials. 

Acid-Base Indicators 

As described above the indicator compositions contain at least one of the 
above described carriers and at least one acid-base indicator. The acid-base 
indicator is generally present in an amount from about 0.01% to 10%, or from 
about 0.03% to about 7%, or from about 0.05% to about 5% by weight. Useful 
acid-base indicators are those which change color at a relatively low pH, upon 
exposure to an acid. The acid-base indicator should be one which produces a 
distinct color change, whether the color change is from one color to another or 
from colorless to colored, at the appropriate pH value. 

In one embodiment, the acid-base indicator changes color at a pH less 
than about 4. In another embodiment, the acid-base indicator changes color at 
a pH less than about 3. In another embodiment, the acid-base indicator changes 
color at a pH less than about 2. In one embodiment, the acid-base indicator 
changes color at a pH of about 1 .8 or less. 

Suitable acid-base indicators are disclosed in CRC Handbook of 
Chemistry and Physics, (74th Ed., CRC Press, Cleveland, Ohio, 1993). In one 
embodiment, the acid-base indicator is bromophenol blue (3\ 3", 5*. 5" 
tetrabromophenolsulfonephthalein). In another embodiment, the acid-base 
indicator is cresol red (o-cresolsulfonephthalein). In another embodiment, the 
acid-base indicator is metanil yellow (4-aniline azobenzene —sulfonic acid, Na 
salt). Other useful acid-base indicators include Methyl Violet; Crystal Violet; Ethyl 
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Violet; Malachite Green; Methyl Green; 2-(p-dimethylaminophenyIazo)pyridine; 

Quinaldine Red; Paramethyl Red (p-(p-dimethylaminophenylazo)benzoic acid, 

Na salt); 4-phenylazodiphenylamine; Thymol Blue (thymolsulfonephthalein); 

Metacresol Purple (m-cresolsulfonephthalein); Orange IV (p-(p- 
5 anilinophenylazo(benzenesulfonic acid, Na salt); 4-o-tolylazo-o-toluidine; 

erythrosin, disodium salt; Benzopurpurine 48; N,N-dimethyl-p-(m-tolylazo)aniline; 

4,4 , -bis(2-amino-1-naphthylazo)2,2 , -stilbene sulfonic acid; 

tetrabromophenolphthalein ethyl ester, K salt; p-dimethylaminoazobenzene; 

Methyl Orange (4^Jimethylaminoazobenzene-4-sulfonic acid, Na salt); and 2-(p- 
10 dimethylaminophenylazo)pyridine. 



Activators 

As used in the time indicating labels and methods, the activator 
composition comprises one or more of the above earners and one or more 
activators. In one embodiment, the activator compound is an organic acid. 

15 Examples of organic acids include carboxylic acids, sulfonic acids, phosphoric 
acids, etc. The organic acids are those selected to migrate from the polymeric 
material into the indicator composition. The organic acids typically contain from 1 
to about 40, or from about 4 to about 30, or from about 6 to about 24 carbon 
atoms. The acids cause the color change of the acid-base indicator. Specific 

20 organic acids which may be used include paratoluene sulphonic acid, 

naphthalene sulphonic acid and camphor sulphonic acid, oxalic acid, maleic acid, 
dichloroacetic acid, trichloroacetic acid, benzenesulfonic acid, chloroanilic acid, 
etc. 

In one embodiment, the activator is an alkyl benzene sulfonic acid. In one 
25 embodiment, the alkyl group may be a straight-chain alkyl group or a branched- 
chain alkyl group. In one embodiment, the alkyl group may include from about 1 
to about 30, or from about 3 to about 18, or from about 6 to about 12 carbon 
atoms. The alkyl group may be substituted or un-substituted. If substituted, it 
may be substituted with a group which does not change the substantially 
30 hydrocarbyl nature of the alkyl group. Such substituents include, for example, 
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halogen atoms and aromatic moieties. Illustrative alkyl radicals include isopropyl, 
isobutyl, n-butyl, sec-butyl, the isomeric amyl radicals, the isomeric hexyl 
radicals, the isomeric heptyl radicals and the isomeric octyl radicals. Illustrative 
alkylphenyl radicals include butylphenyl, amylphenyl, diamylphenyl, octyl-phenyl, 
etc. Other substantially hydrocarbon radicals are useful such as tetradecyl, 
octadecyl, eicosyl, butylnaphthyl, hexylnaphthyl, octylnaphthyl, naphthenyl, etc. 
If substituted with halogen atoms, the alkyl group may be substituted with single 
or multiple halogen atoms. The halogen atoms include fluorine, chlorine, bromine 
and iodine. 

The activator may be present in either a pressure sensitive adhesive or in 
an ink or varnish or other polymeric material layer, as these are described herein. 
The activator may be present at a suitable concentration, depending on the rate 
at which the activator diffuses, the strength of color change desired, and the 
nature of the activator itself. In one embodiment, the activator is present at a 
concentration in a range from about 1 wt% to about 10 wt%, in one embodiment 
from about 2 wt% to about 8 wt% and in one embodiment, at about 6 wt%. 

Release Liners 

In one embodiment, the time indicating label further includes a release 
liner attached to one or more of the adhesives. In one embodiment, the time- 
temperature indicating label, prior to activation, includes a release liner attached 
to the first pressure sensitive adhesive. 

The release liner may comprise a backing liner and a layer of a cured 
release coating composition adhered to one side of the backing liner. The 
release coating is in contact with at least one adhesive layer when the release 
liner is adhered to the inventive time-temperature indicating label. The release 
coating composition can be any release coating composition known in the art. 
Silicone release coating compositions are preferred, and any of the silicone 
release coating compositions which are known in the art can be used. The major 
component of the silicone release coating is a polyorganosiloxane and, more 
often, a polydimethylsiloxane. The silicone release coating composition may be 
room temperature cured, thermally cured, or radiation cured. Generally, the 
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room temperature and thermally curable compositions comprise at least one 
polyorganosiloxane and at least one catalyst (or curing agent) for the 
polyorganosiloxane. These compositions may also contain at least one cure 
accelerator and/or adhesion promoter (sometimes referred to as an anchorage 
5 additive). As is known in the art, some materials have the capability of 

performing both functions, i.e., the capability of acting as a cure accelerator to 
increase the rate, reduce the curing temperature, etc., and also as an adhesion 
promoter to improve bonding of the silicone composition to the label substrate. 
The release coating composition is applied to the backing liner and cured 

10 using known techniques. The application techniques include gravure, reverse 
gravure, offset gravure, roller coating, brushing, knife-over roll, metering rod, 
reverse roll coating, doctor knife, dipping, die coating, spraying, curtain coating, 
and the like. The coat weight is generally in the range of about 0.1 gsm to about 
10 gsm or more, and in one embodiment about 0.3 gsm to about 2 gsm. In one 

1 5 embodiment, the thickness or caliper of the resulting release-coated liner may 
range from about 4 mils to about 10 mils (about 100 to about 250 microns), and 
in one embodiment from about 4 mils to about 6 mils (about 100 to about 150 
microns). 

The backing liner may comprise paper, polymer film, or a combination 
20 thereof. Any of the paper, polymer films, or combinations thereof, discussed 
above as being useful as the label substrate can be used as the backing liner. 
Paper liners are particularly useful because of the wide variety of applications in 
which they can be employed. Paper is also relatively inexpensive and has 
desirable properties such as antiblocking, antistatic, dimensional stability, and 
25 can potentially be recycled. Any type of paper having sufficient tensile strength 
to be handled in conventional paper coating and treating apparatus can be 
employed as the liner. Although paper of any weight can be employed as the 
liner material, paper having basis weights in the range of about 30 to about 120 
lb/ream are useful, and papers having basis weights in the range of from about 
30 60 to about 100 lb/ream are particularly useful. 



Time Indicator 
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In a first embodiment, the present invention relates to a time indicating 
label comprising (a) a label substrate having a first and second surface, (b) an 
acid-base indicator composition, and (c) an activator composition, wherein one of 
(b) or (c) are on the first surface of the substrate and wherein (b) and (c) when 
brought in contact remain adhered. In another embodiment, the invention relates 
to time indicating label, including (a) a label substrate having first and second 
surfaces; (b) a first pressure sensitive adhesive, containing an acid-base 
indicator capable of changing color, on a first area of the first surface; and (c) a 
polymeric material, containing an activator compound, on a second area of the 
first surface. 

In other embodiments, the time-temperature indicating label further 
includes a pressure sensitive adhesive on a second side of the label substrate. 
In other embodiments, the time-temperature indicating label further includes 
release liners on the pressure sensitive adhesives. 

Referring to the drawings, Fig. 1 is a schematic cross-sectional view of a 
first embodiment of the time-temperature indicating label 100 in accordance with 
the present invention. Fig. 1 includes a label substrate 102, a first pressure 
sensitive adhesive 104 on a first area of one surface and a polymeric material 
106 disposed on a second area of the same surface of the label substrate 102. 
The first pressure sensitive adhesive 104 contains an acid-base indicator 
capable of changing color. The polymeric material 106 contains an activator 
compound capable of causing a color change in the acid-base indicator. 

Fig. 2 is a schematic cross-sectional view of a second embodiment of the 
time-temperature indicating label 100 in accordance with the present invention. 
The time-temperature indicating label 100 in Fig. 2 includes all the features of the 
embodiment shown in Fig. 1, and further includes a second adhesive 108. In 
one embodiment, the second adhesive 108 is a pressure sensitive adhesive, and 
is attachable to a low energy substrate, such as an LDPE container. 

Fig. 3 is a schematic cross-sectional view of a third embodiment of the 
time-temperature indicating label 100 in accordance with the present invention. 
The time-temperature indicating label 100 in Fig. 3 includes all the features of the 



WO 03/077227 PCT/US03/07318 

32 

embodiment shown in Fig. 1, and further includes a release liner 110 attached to 
the first pressure sensitive adhesive 104. 

Figs. 4A and 4B are schematic cross-sectional views of two alternate 
forms of a fourth embodiment of the time-temperature indicating label in 

5 accordance with the present invention. The time-temperature indicating label 1 00 
in Figs. 4A and 4B includes all the features of the embodiment shown in Fig. 2, 
and further includes a release liner 110 attached to the first pressure sensitive 
adhesive 104, and a second release liner 112 attached to the second adhesive 
108. The first and second positions, at which the first pressure sensitive 

10 adhesive 104 and the polymeric material 106 are located on the label substrate 
102, are switched between Figs. 4A and 4B. 

Figs. 5A and 5B are schematic cross-sectional views of two alternate 
forms of a fifth embodiment of a time-temperature indicating label 100A, in which 
the polymeric material in which the activator is included is a third pressure 

15 sensitive adhesive 106a. In Fig. 5A, a single release liner 1 10 is used for both 
the first pressure sensitive adhesive 104 and the third pressure sensitive 
adhesive 106a. In Fig. 5B, the release liner 1 10 is provided in two parts, 1 10a 
and 1 10b, on the first pressure sensitive adhesive 104 and the third pressure 
sensitive adhesive 106a, respectively, in accordance with another embodiment of 

20 the present invention. 

Fig. 6 is a schematic cross-sectional view of an alternate embodiment of 
the time-temperature indicating label 100A shown in Fig. 5B, in which the release 
liner 110 is provided in two parts, 110a and 110b, on the first pressure sensitive 
adhesive 104 and the third pressure sensitive adhesive 206, respectively, and 

25 including the release liner 1 12 on the second adhesive 108, in accordance with 
another embodiment of the present invention. In an alternative embodiment, (not 
shown) the time-temperature indicating label 100 shown in Fig. 6 may include a 
single release liner 110, such as that shown in Fig. 5A. 

Fig. 7 is a schematic cross-sectional view of the first embodiment of the 

30 time-temperature indicating label 100, shown in Fig. 1, in which the label 
substrate has been folded over to bring the acid-base indicator in the first 
pressure sensitive adhesive 104 into activating contact with the activator in the 
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polymeric material 106, in accordance with the present invention. The 
embodiment shown in Fig. 7 further includes a folding axis 1 14. When the label 
substrate 102 is folded at the folding axis 1 14, the first pressure sensitive 
adhesive 104 can be brought into contact with the polymeric material 106, such 
5 that the time-temperature indicating label is activated. In an alternative 

embodiment, not shown, the time-temperature indicating label 100 shown in Fig. 
7 may include the third pressure sensitive adhesive 106a, such as that shown in 
Figs. 5A and 5B. 

Fig. 8 is a schematic cross-sectional view of the second embodiment of 

10 the time-temperature indicating label 100, which has been activated as in Fig. 7, 
and which has been attached to a substrate by means of the second adhesive 
108, in accordance with the present invention. The embodiment shown in Fig. 8 
further includes a folding axis 1 14, as described above with respect to Fig. 7. In 
an alternative embodiment (not shown), the time-temperature indicating label 100 

15 shown in Fig. 8 may include the polymeric material in the form of a third pressure 
sensitive adhesive 106a, such as that shown in Figs. 5A and 5B. 

Fig. 9 is a schematic cross-sectional view of a third embodiment of a time- 
temperature indicating label 300, in which the polymeric material 106 containing 
the activator has been embedded in the label substrate 102. The time- 

20 temperature indicating label 300 in Fig. 9 includes all the features of the 

embodiment shown in Fig. 1 , except as noted above. The polymeric material 
106 may be embedded in the label substrate 102 by a suitable process, such as 
co-extrusion, or applying a thin layer of the polymeric material 102 followed by a 
calendering step in which the polymeric material 102 including the activator is 

25 pressed into the label substrate 1 02. 

As a further alternative of the third embodiment, the polymeric material 
106 may be the label substrate 102, and the activator compound may be 
embedded or implanted into the label substrate 102 in the area 106 by a suitable 
process. Such implantation may be by ion or molecular implantation or other 

30 suitable processes. For example, laser implantation may be used, as suggested 
in Zhigilei, et al, 'The role of inertial and spatial confinement in laser interaction 
with organic materials", presented at World Multiconference on Systemics, 
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Cybernetics and Informatics, July 22-25, 2001, Orlando, Florida. Therein, the 
authors propose the controlled deposition of functional organic molecules into a 
designated region of a polymer substrate by laser irradiation of a microscopic 
amount of molecular substance spatially confined in the tip of a micropipette. 
5 Although not shown, the embodiment of Fig. 9 may further include a 

release liner on the first pressure sensitive adhesive, may further include a 
second pressure sensitive adhesive, and the second pressure sensitive adhesive 
may further include a release liner thereon, for example such as those shown in 
Figs. 2, 3 and 4. 

10 Fig. 10 is a schematic cross-sectional view of a fourth embodiment of a 

time-temperature indicating label 400, in which the label substrate 102 contains 
the activator as an integral component. In this embodiment, in essence the 
polymeric material 106 is the label substrate 102, and the label substrate 102 
contains the activator compound. The activator compound may be evenly and 

15 uniformly distributed throughout the label substrate 102. The time-temperature 
indicating label 400 in Fig. 10 includes all the features of the embodiment shown 
in Fig. 1 , except as noted above, and except that it further includes a barrier layer 
114 between the first pressure sensitive adhesive 104, which contains the acid- 
base indicator, and the label substrate 102, which contains the activator. The 

20 barrier layer 1 14 is needed to avoid premature activation of the time-temperature 
indicator through the backside of the first pressure sensitive adhesive layer 104. 

The barrier material may be any material that is capable of inhibiting the 
migration of the activator compound. Barrier layer materials include glassy 
polymers, semi-crystalline polymers, physically and chemically crosslinked 

25 elastomers, segmented polyesters, radiation crosslinked polybutadiene, and 
pressure sensitive adhesives. Examples of suitable glassy polymers include 
polystyrene and polymethyl methacrylate. Examples of suitable semi-crystalline 
polymers include polyethylene, polypropylene and polyesters. Examples of 
suitable physically crosslinked elastomers include triblock copolymers, such as 

30 styrene-isoprene-styrene block copolymers, and segmented polyurethane 

elastomers. An example of a suitable chemically cross-linked elastomer is sulfur 
crosslinked natural rubber. In the one embodiment, the barrier material is a 
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pressure sensitive adhesive include acrylic pressure sensitive adhesives, silicone 
pressure sensitive adhesives, rubber resin blend pressure sensitive adhesives, 
triblock copolymer pressure sensitive adhesives, and vinyl ether polymer 
pressure sensitive adhesives. Rubber resin blend pressure sensitive adhesives 
include natural rubber, polybutadene, polyisobutalene, styrene butadiene random 
copolymers, synthetic polyisoprene, and butyl rubber. Useful triblock copolymer 
pressure sensitive adhesives include styrene-isoprene-styrene copolymers, 
styrene-butadiene-styrene copolymers, styrene-ethylene butylene-styrene 
copolymers, and styrene-ethylene propylene-styrene copolymers. 

An important advantage of the fourth embodiment of the time-temperature 
indicator shown in Fig. 10 is that it is much easier to align the first pressure 
sensitive adhesive 104 containing the acid-base indicator with the activator- 
containing label substrate 102. 

Although not shown, the embodiment of Fig. 10 may further include a 
release liner on the first pressure sensitive adhesive, may further include a 
second pressure sensitive adhesive, and the second pressure sensitive adhesive 
may further include a release liner thereon, for example such as those shown in 
Figs. 2, 3 and 4. 

Fig. 1 1 is a schematic cross-sectional view of a fifth embodiment of the 
time-temperature indicating label 500 of the present invention. In this 
embodiment, the label substrate 102 is folded during manufacture, and a release 
liner 120 is inserted between the first pressure sensitive adhesive 104 and the 
polymeric material 106. In the fifth embodiment, the polymeric material is an 
adhesive, or is otherwise attached to the release liner 120. In this embodiment, 
the time-temperature indicating label 500 may be conveniently folded prior to 
use. When the label 500 is ready for use, it can be unfolded or opened, the 
release liner 120 removed, and then the label 500 is refolded or closed, to bring 
the polymeric material 106 into activating contact with the first pressure sensitive 
adhesive 104, at which time the activator may begin its time- and temperature- 
dependent migration into the indicator-containing first pressure sensitive 
adhesive 104. 
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Fig. 12 is a schematic cross-sectional view of a fifth embodiment of the 
time-temperature indicating label 500 of the present invention, similar to that of 
Fig. 1 1 , in which the label 500 has been attached to a substrate by means of a 
second adhesive 108. The embodiment of the time-temperature indicator 500 
5 shown in Fig. 12 may be conveniently attached to a substrate at any point during 
the manufacture of the substrate, and may be activated at any appropriate later 
time. 

An important advantage of the embodiment of the time-temperature 
indicating label 500 shown in Figs. 1 1 and 12 is its ease of use in activation and 

10 alignment of the layers. In addition, the label substrate 1 02 provides additional 
protection for the release liner, helping to prevent premature removal. Since the 
label substrate 102 is folded during manufacture, the folding axis can be 
precisely located, and the "memory" of the folding axis in the label substrate 
assists in alignment. Thus, when the label 500 is to be activated, the fist 

15 pressure sensitive adhesive 104 and the polymeric material 106 may be easily 
brought into proper alignment. 

In one embodiment, the layer 120 may be a time-delay or diffusion-delay 
layer 120. A time-delay or diffusion-delay layer acts to provide a longer diffusion 
path between the acid-base indicator layer and the activator layer. The time- 

20 delay or diffusion-delay layer may be present as a separate layer or as a layer on 
the indicator composition or activator composition. Thus, for example, use of 
such a layer provides a delay in the onset of diffusion of the activator into the 
indicator layer, thus delaying the onset of any color change for a selected period 
of time after activation of the time-temperature indicating label 500. The time 

25 may be selected based on the identity and/or the thickness of the layer 120. In 
one embodiment, the time-delay layer 120 may comprise a pressure sensitive 
adhesive, and in one embodiment, the time-delay layer 120 may comprise a 
varnish, such as any of the varnishes disclosed herein or known in the art. In an 
embodiment including a varnish as the time-delay layer 120, a coat weight may 

30 be suitable selected based on, e.g., the time delay desired, and may be, for 
example, from about 0.2 gsm to about 10 gsm, in one embodiment from about 



